The impact of insect species directly associated with man-made habitats and human dispersal 11 has been, and remains globally significant. Their early expansion from their original niches 12 into Europe is intrinsically related to discussions of climate change, origins of domesticated 13 plants and animals, the spread of agriculture and infectious diseases. The Holocene fossil 14 records of the dispersal of three storage pest species, Sitophilus granarius, Oryzaephilus 15 surinamensis, and Tribolium castaneum, the housefly, Musca domestica, and the human flea, 16 Pulex irritans from 221 sites have been mapped ranging from the Near East to Europe and 17 from the Neolithic to the post medieval period. The importance of human induced change as 18 a driver for the spread of synanthropic faunas and the potential for the spread of disease 19 during this process are discussed. The results show links between mobility of farming groups 20 and distribution of synanthropic insect species and produce a roadmap for the different 21 cultural periods of the Late Holocene based on dispersal of these synanthropic insects. During 22 the Neolithic, the first wave of insect introductions shows the northern European frontiers of 23 storage of cereals, introduction of domestic animals and pastoralism and exchange. Pest 24 introductions, linked with the itinerary of the Roman army, reached the most northerly parts 25 of the Empire. During the medieval period, the insect records indicate further expansion and 26 changes which parallel the spread of epidemic diseases like Plague. Understanding the 27 timing and the rates of change of synanthropic insects provides key information about the 28 development of the homogenised and highly anthropogenic environments in which we live 29 today. 30 31 *Manuscript Click here to view linked References 2 32
pests of stored products and habitations tend to restrict them to the artificial warmth of the 160 inside of storerooms and other man-made structures in temperate areas. 161 The grain weevil, Sitophilus granarius L. is the prime example of a wholly synanthropic, 162 eusynanthropic species to the extent that natural populations have yet to be located and Plarre 163 (2010) has argued that the species evolved around the same time as the adoption of 164 agriculture. Whilst a case has been made for an origin in acorns (Howe, 1965; Weidner, 165 1983), fossil specimens have been found associated with both wheat and barley, in a Pre- 166 Pottery Neolithic well at Atlit-Yam, off the Mediterranean coast of Israel by ca. 8250 cal BP 167 (ca. 6250 cal BC) (Kislev et al., 2004) , and at Dispilio in northern Greece around 7700 cal BP 168 (ca. 5700 cal BC) (Panagiotakopulu, in prep.) ( Fig. 1) . Buckland (1991) amongst others has 169 suggested that its primary habitat is in the seeds of wild grasses stored by rodents in the 170 region of the natural distribution of the wild ancestors of cereals across the Fertile Crescent.
171
The species is incapable of flight, but likely lived in close proximity to rodent nests and 172 human homes. This would have inevitably led to its introduction into the larger, man-made 173 caches of grain. Cold hardy but needing temperatures above 15° C to maintain breeding 174 populations, its northern limit would be set either by suitable summer temperatures or by 175 grain storage on a sufficient scale to provide heating and insulation. Buckland (1978) , 176 drawing on work by Dendy and Elkington (1920) , noted that one of the hazards of this insect other members of the genus may be field pests as well as storage pests, although all require 181 higher base temperatures for flight. S. zeamais Mots. is nowadays a cosmopolitan pest of 182 maize, grain and rice (Hill, 1975) and is one of the species in the genus with the ability to fly 183 (Likhayo et al., 2000) . Despite its vernacular name of 'maize weevil', its earliest record is 184 from Japan, from impressions in Jomon pottery, dated to ca. 10500 BP, from Sanbonmatsu, perhaps an indication for the origins of the species as a pest in China; more research is 190 required, particularly from earlier contexts. Although rice is recorded from early Roman forts on the Rhine Frontier (Knörzer, 1966; Bakels and Jacomet, 2003) , its eponymous weevil is 192 first recorded in Europe in early fifteenth century Southampton (Grove, 1995). 193 Similar trends are observed in the distribution of the saw toothed grain beetle, Oryzaephilus 194 surinamensis (L.), although its records are fewer compared to the granary weevil, and largely 195 Roman. Its first occurrence is from charred grain from a late Neolithic site at Mandalon 196 (4450-4340 cal BC) in northern Greece (Valamoti & Buckland, 1995) . As much of the 197 synanthropic fauna, its original habitat was probably under bark, a habitat from whence there 198 are some modern records (e.g. Crowson, 1958; Zacher, 1927) , and it may once have been 199 more widespread in the primeval forests of central Europe (Fig. 1) . As a secondary pest of 200 damaged grain, it probably moved into the synanthropic environments after the spread of S. Cryptolestes ferrugineus (Steph.) has no pre-Roman fossil records, although again it occurs 211 from Masada (Kislev and Simchoni, 2007) to the Antonine Wall (Locke, 2016; Smith, 2004) .
212
It remains widespread under bark, where it may feed on fungi (Halstead, 1993) .
213
The red flour beetle, Tribolium castaneum has been noted by Whitehead (1999) , 2007) . Several of these diseases are insect borne or insect associated (see Fig. 5 ).
290
Sedentary farming groups were periodically troubled with failure of crops and losses in although this may be partly related to taphonomic and sampling problems (e.g. more house 321 floors being sampled, etc). It is clear that everyone, from kings and archbishops to peasants, provided context suitable environments for the increase of sites with human fleas (Fig. 6 ).
390
The trend during the post-medieval period was for lower numbers of sites with storage pests concerning the importance of scale in that S. granarius appears to be largely absent from the 404 rural landscape, while it occurred in forts and towns (see Table B1 ) and occasionally in larger 405 farms. One of these sites was an essentially suburban villa, at Bays Meadow, Droitwich, Roman period, when large scale commodity shipment largely ceased, and that this fauna 413 returned after the Norman Conquest. We would argue that this was probably not the case and 414 it overlooks the grain fauna, including S. granarius, from the late seventh century watermill 415 at Northfleet in Kent (Smith, 2011) . In the absence of large scale movement and storage of places where grain was milled regularly on a scale beyond that required for local domestic Bakels, C., Jacomet, S., 2003. Access to luxury foods in Central Europe during the Roman 509 period: the archaeobotanical evidence. World Archaeol. 34, [542] [543] [544] [545] [546] [547] [548] [549] [550] [551] [552] [553] [554] [555] [556] [557] Baum J., Bar Kal, K., 2003 . The emergence and co-evolution of human pathogens, in: Buckland, P.C., 1978. Cereal production, storage and population: a caveat, in: Limbrey, S., Dinnin, M.H., Sadler, J.P., 1999. 10 to the post medieval period. For further information on particular records and sites see Table   840 B1. and Inveresk fall within the 2nd century AD. For more information please see Table B1 . Table A1 .Neolithic chronology of geographic regions mentioned in the paper. Table A3 . Iron Age timeframe of geographic regions mentioned in the paper.
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